A Comparison of Natural Gas Spot Price Linear Regression Forecasting Models

highly integrated transm ssion piping network. The inter-
connecting nodes of this transm ssion network are used to
transfer quantities of gas between producers, traders,

mar keters, transm ssion conpanies and | ocal distribution
conpanies, (LDC). There are approxinmately 40 such trading

poi nts which are known as hubs. The nost well known hub is the
"Henry hub", located in Louisiana. This hub has becone the node
at which spot and futures prices are referenced on t he NYMEX
mar kets. This integrated national natural gas pipinhg network
has al |l owed conpetition to cause the pricing of natural gas at
all of the major hubs to be inter-related. No supplier can
charge an exorbitant fee at any point in the U S. because other
suppliers will be able to provide gas at conpetitive prices.

De-regul ation now appears to be entering its final phase.
Smal | custonmers, both residential and commercial are now
gradual ly being allowed the ability to choose their source of
gas supply. This custoner choice is occurring at different
rates on a state by state basis.

Plan for Analysis

This paper will focus on the forecasting of natural gas
spot price four weeks in the future at the Henry Hub during the
heati ng season. The term "heating season"” is that period of the
year when natural gas consunption is greatest and when natural
gas prices are also generally at their peak. This period of
time runs from Novenber 1, through March 31. Alnost all of the
U. S. donestically produced natural gas and nost natural gas that
is released fromstorage that serves what is known as the East
Consum ng Region is priced at a level that is close to the val ue
of prices for the Henry Hub. The East Consum ng Regi on which
includes all of the states east of the M ssissippi River, except
for Mssissippi itself. 1lowa, Nebraska and M ssouri are also
included in this East Consuming region. Historical data is only
readily available for the Henry Hub, therefore the regressions
that | have perfornmed use only spot and futures natural gas
prices at the Henry Hub. This data is taken fromthe heating
seasons: 1996 - 1997, 1997 - 1998, 1998 - 1999, 1999 - 2000, and
2000 - 2001. This limted nunber of heating seasons was chosen
for two reasons. The first was due to the fact that the data
was nore readily available. The second stens fromthe anal ysis
performed by by Arthur De Vany and David W Walls. They
performed a variety of natural gas price network anal yses' that
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tested to see which of the marketing hubs were isolated fromthe
ot her hubs. These anal yses' showed that by the md 1990's al

of the natural gas marketing hubs were closely integrated so
that conpetition caused all of these prices to be interrel ated.

The Energy Information Adm nistration of the U S. Dept of
Energy perfornms a short term anal ysis known as the Short-Term
| nt egrated Forecasting (STIFS) nodel. This nodel generates
predi ctions of demand, supply, storage stock |levels, inports and
prices for natural gas in the future. The predictions for
natural gas price cover categories that ElIA describes as Natura
Gas Spot Well head Price, Natural Gas Conposite Wl |l head Price,
Natural Gas Price to Electric Uilities, Residential Natural Gas
Price, Comrercial Natural Gas Price and Industrial Natural Gas
Price. The Natural Gas Spot Well head Price (NGSPUUS) is the
conposite spot price from Natural Gas Wek, published by Energy
Intelligence Goup. This price is a weighted average of the
spot prices at the major hubs one of which is the Henry Hub.
The Natural Gas Conposite Well head Price (NGAPUUS) is an average
of both spot and long-termcontracts. Since the focus of this
paper is on spot price prediction the nodel for Natural Gas Spot
Vel | head Price (NGSPUUS) is of greatest interest.

The NGSPUUS nodel has two i ndependent variables, the one
nmont h | agged val ue of the dependent variable, and fourteen dumy
vari ables that are only used during specific "shock" events or
during a specific nonth.

The ElI A defines the NGSPUUS nodel as:

NGSPUUS = Bo + Bi( GASVAR) + PBo( ZGHDPUS - ZGHNPUS)/ (ZSAJQUS) +
B3(D HAND) + Ba(D 294) + [s(DUMBG02) +
Be[ LAG( NGSPUUS)] + B7(DUM JAN) .. ... + By7( DUM NOV)

the difference between the actual anmount of
natural gas that is present in storage in the
United States and the average anount of natura
gas that has been historically present in
storage over the last ten years during that
particul ar nonth of the year.

wher e GASVAR

ZGHDPUS = (Gas-wei ghted heating degree days during a nonth
ZGHNPUS = Normal (1965 - 1999 average with trend) gas-
wei ght ed heati ng degree days during a nonth for
the average of the four major gas consuni ng
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eastern cities of Chicago, Kansas City, New York

and Pittsburgh

Nunber of Days in nonth

a dummy vari able which only has a val ue during

the nont hs of Septenber and COct ober 1992, when

Hurri cane Andrew interrupted the production of

nat ural gas

a dumy variable which only has a val ue during

the nonth of February 1994, when col d weat her

and ice storns interrupted the flow of gas to

di stribution areas, due to pipeline failures.

a dummy variable to account for unusually high

spot prices which are attributed to panic

resulting fromlow inventories and expectations

of cold weather in February 1996

LAG NGSPUUS) the one nonth | agged variabl e for NGSPUUS

DUM JAN ... DUM NoOV el even dummy vari abl es, each of which are
held to be zero except for one nonth out
of the year.

ZSAJQUS
D_HAND

D 294

DUVMB602

The EI A regression was estimated using spot hub prices from
January 1992 to the present. Refer to Table 1, which displays
the regression results for this ElI A nodel.

Thi s paper proposes that other variables can be added to
the core EI A nodel for NGSPUUS and inprove upon its predictive
powers. Due to the high degree of volatility of heating season
gas prices, the accurate prediction of the natural gas spot
price four weeks in the future during the winter heating season
nmont hs at an inportant hub such as the Henry Hub woul d be very
beneficial to a variety of entities.

An assunption inherent to the nodels | have proposed is
that there are no shocks to the supply side of the natural gas
mar ket. Events such as hurricanes in the GQulf of Mexico or ice
storns in the Texas-Ckl ahoma area have caused tenporary
interruptions to the production of natural gas. Unusual price
spi kes in natural gas prices during those events are generally
attributed to such supply side interruptions. The ElIA node
accounts for two such supply side price spikes during the period
of 1992 to 1996 by the use of dummy variables. M alternative
nodel s seek to forecast natural gas spot price in the near
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Table 1 Regression Results for Natural Gas Spot Wel | head
Price, (NGSPUUS) (dollars per mllion Btu)
NGSPUUS = By + PBi( GASVAR) + Bo(ZGHDPUS - ZGHNPUS)/ (ZSAJQUS) +
Bs(D_HAND) + B4(D _294) + Bs(DUMB602) + Bg[ LAG NGSPUUS)] +
B;(DUM JAN) ..... + PB17( DUM NOV)
Vari abl e Coef fi ci ent St andard T
(B) Error Rati o
Const ant Coeffi ci ent 0. 557987 0.1799 3.1
Lag( NGSPUUS) 0. 760221 0. 0673 11. 29
GASVAR -8.0 * E-05 0. 000166 -0. 49
(ZGHDPUS -
ZGHNPUS) / ZSAJQUS 0. 028218 0.0188 1.5
D HAND 0. 160223 0. 1644 0. 97
D 294 0. 383219 0. 2959 1.3
DUM 9602 1.103517 0. 29 3.81
DUM_JAN - 0. 09587 0.1294 -0.74
DUM FEB -0. 20553 0. 1397 -1.47
DUM_MAR - 0. 24633 0. 1363 -1.81
DUM_APR -0. 06895 0. 1415 -0.49
DUM_NAY -0.12619 0. 1392 -0.91
DUM JUN - 0. 13369 0. 1382 -0.97
DUM JUL -0. 09228 0.138 -0. 67
DUM_AUG -0.07841 0.1383 -0.57
DUM_SEP -0.11014 0. 1379 -0.8
DUM _CCT -0.00618 0. 1363 -0.05
DUM_NOV 0. 100599 0.135 0.75
Mean Squared Error = 0.0704
Root Mean Squared Error = 0.2653
R- Squar e = 0.747
Adj . R-Square = 0.693
Dur bi n- Wat son = 1.30
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future. The natural gas industry supply curve characteristics
allow me to assune that the industry supply curve is fixed in
the short term The ElI A nodels use data over a whole year. The
regressions that | ran include only the Natural Gas Spot prices
during the heating season from Novenber through March. The
alternative i ndependent variables that | propose are taken at
periods fromfour or six weeks prior to the spot prices,
dependi ng on when the data is available. The reasons | have
chosen only the heating season nonths are twofold. The first is
that those are the nonths which see the greatest volatility in
gas prices. The factors which drive this price volatility are
different than the factors that drive the summer tinme price and
consunption for natural gas. The second reason is that these
are the nonths when nost consuners actually consunme the bul k of
their annual gas requirenents. A nodel that nore accurately
forecasts spot price four weeks in the future during the wi nter
nmont hs has a much greater value than a nodel for the whole year
whi ch was | ess accurate during the winter nonths. The data |
have used is based on weekly values for each of the vari abl es,
as opposed to the ElI A nodel which uses average nonthly val ues.

Equation #1 is the nodel which is neant to replicate the
core of the ElIA nodel for NGSPUUS, the conposite of natural gas
spot well head price. Refer to Table T-4 in the Appendi x which
di spl ays Equation #1 and all of the alternative nodel regression
equations. The differences between ny Equation #1 regression
and that of the ElA nodel are that:

a) My regression is run on data fromthe weekly data that
was conpiled fromaverage daily data for the five heating
period nonths of Novenber thru March. The EI A nodel uses
full years data

b) The data that was used in nmy nodel is based on only the
| ast four heating seasons of 1996-1997 to 1999-2000. The
El A nodel is based on data from January 1992 to the
present.

c) My equation nodel does not make use of any dumy
vari ables. The EIA uses nonthly dummy variables to
account for nonthly disparities between the regression
results and the data. The EI A nodel al so uses dumry
vari ables to account for the two supply side disruptions
in gas supply and for an unusually high demand side spi ke
in price during February 1996.

d) My i ndependent variable for tenperature deviation from
normal was based on the sane tine period as the ElIA nodel,
from 1965 to 1999. M tenperature deviation data was
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